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(54) [TITLE OF THE INVENTION] Black silicon nitride quality 
sinter and method for production thereof 
(57) [ABSTRACT] 

[Object] This invention relates to a method for the 
5 production of a black silicon nitride quality sinter which 
assumes a black color and exhibits an integral reflectance 
of not more than 15% to visible ray and ultraviolet light. 
[Construction] Silicon nitride and SIALON are stained in 
a black color to impart to the resultant sinter an integral 

10 reflectance of not more than 15% to a visible ray and an 
ultraviolet light . The staining is effected by a method which 
comprises causing the sinter to include therein 0.2-5 weight % 
of one species or a plurality of species selected from among 
Tic, TiCN, NbC, ZrC, HfC, and TaC and adding thereto 0.2 - 

15 5 weight % of one species or a plurality of species selected 
from among V, Cr, Co, Ni, Cu, and Hf as a color tone adjusting 
agent . 

[SCOPE OF CLAIM FOR PATENT] 

[Claim 1] A black silicon nitride quality sinter, 
20 characterized by comprising silicon nitride and not less than 
90% of one species or a plurality of species of SIALON and 
having an integral reflectance of not more than 15% to visible 
ray and ultraviolet light. 

[Claim 2] A black silicon nitride quality sinter according 
25 to claim 1, which further comprises 0 .2 - 5 wt % of one speciies 

or two or more species selected from among TiC, TiC-TiN solid 

solution / NbC, ZrC, HfC, and TaC as a coloring agent. 

[Claim 3] A black silicon nitride quality sinter according 

to claim 1, which further comprises 0.2-5 wt % of one species 
30 or a plurality of species from among V, Cr, Fe^ Co, Ni, Cu, 

and Hf in the form of a metal or an oxide as a color tone 

adjusting agent. 
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[Claim 4] A black silicon nitride quality sinter according 
to claim 1, wherein the thermal expansion coefficient of the 
sinter at a temperature in the range of 20 - 100°C is not more 
than 2.5 X lO'V^C. 
5 [Claim 5] A black silicon nitride quality sinter according 
to claim 1^ wherein the Young's modulus of elasticity is not 
less than 2.8 X 10^ kgf/mm^. 

[Claim 6 ] A black silicon nitride quality sinter according 
to claim 1, wherein the sintering is effected at a temperature 
10 in the range of 1600 - 1850°C under application of no pressure 
or under application of the pressure of atmosphere of nitrogen 
of not more than 10 kgf/cm^. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 
15 [0001] 

[Field of Utilization in Industry] This invention relates 
to a method for the production of a black silicon nitride 
quality sinter assuming a black color and exhibiting an 
integral reflectance of not more than 15% to visible ray and 

20 ultraviolet light (hereinafter ''the integral reflectance 
exhibited to visible ray and ultraviolet light" will be 
referred to simply as "reflectance" and the term "integral 
reflectance" refers to the ratio of the amount of incident 
light to the total of the amount of light reflected to all 

25 the directions). 

[0002] A good many of the parts of such optically-related 
devices as laser-using devices and ultraviolet exposure 
devices abhor the reflection of light. 

[ 0003 ] For these parts , materials assuming black color tones 
30 and having low degrees of reflectance are required. These 
parts, when intended to be used in precision devices, are 
further required to fulfill light weight, high stiffness. 
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low thermal expansion/ and wear resistance. 
[0004] The black silicon nitride quality sinter of this 
invention is an optimum choice for such parts and is widely 
applied thereto. 
5 [0005] Hereinafter / silicon nitride and SIALON are 
collectively referred to as "a silicon nitride type." 
[0006] 

[Prior Art] Heretofore ^ since low reflectance and light 
weight form a prerequisite for these parts , such parts as 
10 are produced by preparing a substrate of an aluminum alloy 
and treating the surface of this substrate with black alumite 
have been widely in use. 

[0007] Recently, since the precision and the service life 
required of the machines using these parts have beenrigidif iedr 
15 such qualities of aluminum alloys as low stiffness 
(elasticity ) / ready plastic deformation, high thermal 
expansion coef f icien, and inferior wear resistance have come 
to pose a problem . 

[0008] While attempts at applying ceramics to these parts 
20 have been made therefore, parts thoroughly satisfying black 
color (low reflectance) , high stiffness, lightweight, low 
thermal expansion, and wear resistance are not copiously found 
in the ceramics. 

[0009] JP-A-04-50161 disclosed by us teaches a technique 
25 for staining an alumina sinter in a black color. 

[0010] The thermal expansion coefficient of alumina, 
however, is smaller than that of metal but is not sufficiently 
small. The wear resistance of alumina is not sufficient. 
[0011] In contrast thereto, the thermal expansion 
30 coefficient of the silicon nitride type is not more than 1/3 
of that of alumina and the wear resistance thereof is also 
excellent. The specific gravity thereof is as light as 80% 
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of that of alumina. Thus, the silicon nitride type proves 
excellent where a lighter weight is required. 
[0012] The silicon nitride type sinter, however, generally 
has a light gray olor to a gray color . The reflectance thereof 
5 is so large as to fall in the range of 20 - 35%. 

[ 0013 ] As a means to stain this silicon nitride type material, 
the technique of coloring the material in a golden color type 
by incorporating in the material about 30% of TiN is available . 
The reflectance, however, is not appreciably lowered by the 
10 golden color type. 

[0014] AS regards other coloring techniques, JP-A-62-248773 
and JP-A-0 1-192766 have disclosed black silicon nitride 
quality sinters. 

[ 0015 ] The former sinter relies on the addition of a compound 
15 of Sc, Yb, Er, Ho, or Dy and the latter sinter on the addition 
of an organic metal compound containing Co or Fe to be stained 
in a black color. Thus, they differ from this invention. 
[0016] JP-A-62-235260 has disclose a sinter obtained by 
adding 5 - 40 wt % of at least one species from among TiN, 
20 Tic, andTi(CN) to silicon nitride and subjecting the resultant 
composition to the HIP treatment. When such an additive is 
incorporated in such a large amount as mentioned above , however , 
it brings an increase in the specific gravity of the silicon 
nitride, impairs the sintering property thereof, requires 
25 the HIPxHP and the like to undergo pressure firing, and 
inevitably raises the price of the produced sinter owing to 
the expense of this firing. 

[ 0017 ] The specification of this publication has no mention 
of the color and the reflectance of the sinter. 
30 [0018] 

[Problem to be solved by the invention] None of the known 
metal materia Is is found to satisfy high stiffness, lowthermal 
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expansion, lightweight/ and wear resistance simultaneously. 
[0019] As regards ceramics , various materials are known to 
have reflectances of not more than 15%. From the viewpoint 
of high stiffness / low thermal expansion , light weight , and 
5 wear resistance, however , the silicon nitride type materials 
are optimum. 

[0020] The reflectances of the silicon nitride type 
materials / however, are so high as to fall in the range of 
20 - 30% . A coloring method intended to lower the reflectance 
10 remains yet to be developed. 
[0021] 

[Means to solve the problem] The taslc of lowering the 
reflectance of the silicon nitride type sinter mentioned above 
to a level of not more than 15% by staining the sinter in 

15 a blaclc color is fulfilled by preparing a mixed powder 
comprising 0.2 - 5 wt % of one or more species from among 
Tic, TiC-TiN solid solution, NbC, ZrC, HfC, and TaC as a 
coloring agent, 0.1 - 5 wt % of one or more species from among 
V, Cr, Fe, Co, Ni, Cu, and Hf in the form of a metal or an 

20 oxide as a color tone adjusting agent, and the balance 
substantially of a silicon nitride type material and sintering 
the mixed powder in an atmosphere of nitrogen under application 
of no pressure or under the pressure of a gas of not more 
than 10 kgf /cm^ at a temperature in the range of 1600 - 1850°C. 

25 [0022] As a result, it is made possible to obtain a (black) 
silicon nitride material having a low reflectance of not more 
than 15% at a low price. 

[002 3] If the amount of the one or more species selected 
from among Tie, TiC-TiN solid solution, NbC, ZrC, HfC, and 
30 TaC to be added exceeds 5 wt %, the excess will obstruct the 
sintering of the silicon nitride type, render it impossible 
to obtain a sinter of an amply dense texture under application 
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of no pressure, degrade stiffness and wear resistance 
extremely, and degrade various mechanical properties as well . 
[ 0024 ] Further, these additives have high thermal expansion 
coefficients and high specific gravities as compared with 
those of the silicon nitride type. When they are added in 
a large amount, therefore, the produced sinter manifests a 
large thermal expansion coefficient, acquires an increased 
weight, and entails degradation of the performance. 
[0025] If this amount falls short of 0.2 wt %, the shortage 
will render the staining in a black color insufficient and 
prevent the reflectance from being lowered. 
[0026] Though the amount of this addition varies with the 
kind of additive, particularly properly it falls in the 
approximate range oflwt%-3wt%. The silicon nitride 
type sinter which retains an amply black color tone and enjoys 
high density of texture, high stiffness, and low thermal 
expansion can be produced inexpensively. 

[ 0027 ] When the blackening additive mentioned above is used 
alone, the produced sinter possibly suffers from uneven 
coloration and conspicuous contrast of light and shade. The 
color tone adjusting agent, therefore, is added for the purpose 
of stabilizing the black color tone. 

[0028] As the color tone adjusting agent, it is proper to 
add 0.2-5 wt % of one species or more species selected from 
among V, Cr, Fe, Co, Ni, Cu, and Hf in the form of a metal 
or an oxide. 

[0029] The amount of addition in the form of an oxide is 
optimum in the range of 1 - 5 wt % in the case of V, Cr, and 
Fe, in the range of 0.5 - 4 wt % in the case of Co, Ni, and 
Cu, and in the range of0.2-1.5wt%in the case of Hf . 
If this amount is unduly small, the effect of adjustment will 
be small. If the amount is unduly large, the sinter will 



possibly form glass of a low melting point and give rise to 
bubbles . 

[0030] The silicon nitride type material means silicon 
nitride and SIALON. The term "SIALON" embraces a-SIALON and 
5 p-SIALON. 

[0031] In the case of the silicon nitride^ the compounded 
mixed powder is composed of a silicon nitride powder and a 
powdered sintering auxiliary. 

[ 0032 ] The term "sintering auxiliary" as used herein refers 
10 to one species or a combination of several species selected 
from among Y2 O3, Al203rMgO, Si02/ YraOa/ ErzOa, and SC2O3. 
[0033] The compounded mixed powder in the case of SIALON 
may comprise a SIALON powder and a sintering auxiliary therefor 
in some cases and such a silicon nitride powder as is fated 
15 to form SIALON after being sintered and some other powder 
in other cases. 

[0034] The particle size of any of the powders used for the 
raw material is preferred to be not more than 10 \xm, 
particularly not more than 5 jim^ on the average from the 

20 standpoint of the sintering property. 

[0035] If the powder has a larger particle size, the excess 
will possibly keep the produced sinter from forming a 
sufficiently dense texture and consequently prevent it from 
manifesting fully satisfactory stiffness and wear resistance . 

25 [0036] The sintering is carried out in an atmosphere of 
nitrogen gas under a pressure of not more than 10 kgf /cm^ in 
the absence of mechanical pressure. Thus, this sintering is 
capable of producing a sinter in a varying complicated shape 
at a low cost as compared with such high pressure sintering 

30 as HP and HIP. 

[0037] The sintering can be performed at a low temperature 
in the approximate range of 1600 - ITSC'C when the particle 
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size of the rawmaterial is small and the amount of the sintering 
auxiliary mentioned above is sufficiently large. The 
sintering temperature must be in the range of 1700 - 1800°C 
when the amount of the one species or more species selected 
5 from among Tie, TiC-TiN solid solution, ZrC, HfC, and TaC 
to be added is large and the amount of the sintering auxiliary 
is small or when the particle size of the raw material powder 
is large. 

[0038] When the sintering is performed at a temperature 
10 exceeding 1800°C, it induces decomposition of silicon nitride 
and SIALON. When the atmospheric pressure (not more than 10 
kgf/cm^) is utilized, the sintering can be performed at a 
temperature elevated up to about 185 0°C. 

[0039] The sinter produced as described above possesses a 
15 color tone of the black type, exhibits such a small integral 
reflectance as not more than 15% to a visible ray and an 
ultraviolet light, and enjoys high stiffness, wear resistance, 
and low thermal expansion. 

[0040] Such a low reflectance as falling short of 10% is 
20 obtained when the amount of the one species or more species 
selected from among Tie, Tie-TiN solid solution, Zre, Hfe, 
and Tae is sufficiently large and the amount of the color 
tone adjusting agent to be added is moderate. 
[0041] Now, this invention will be described specifically 
25 below with reference to working examples. 
[0042] 

[Example 1] In an alumina pot mill, a mixed powder composed 
of 85.4 parts by weight of silicon nitride powder having an 
average particle diameter of 0.2 (im, 4.8 parts by weight of 
30 MgO as a sintering auxiliary, 4.8 parts by weight of AI2O3, 
3 parts by weight of a Tie powder having an average particle 
diameter of 1 jxm and intended as a coloring agent, and 2 parts 
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by weight of iron oxide as a color tone adjusting agent was 
mixed with 3 parts by weight of a resin binder in the presence 
of water as a solvent for 24 hours. 

[0043] The resultant slurry was dried and subjected to size 
5 enlargement and then formed under a normal hydrostatic 
pressure of 2000 kg/cm^. The formed piece consequently 
obtained was subjected to temperature elevation in 1 
atmosphere of N2 gas and sintered at 1750°C for two hours. 
[0044] The sinter consequently obtained had a bulk density 

10 of 98.0% of the theoretical density, a Young's modulus of 
elasticity of 3.1 X 10^ kgf/mm^, and a flexural strength of 
85 kgf/mm^. The color tone was black and the reflectance was 
9 .2% at a wavelength in the range of 350 - 800 nm. The thermal 
expansion coefficient of this sinter at temperatures in the 

15 range of 20°C - lOO^C was 2.0 X 10"V°C. 
[0045] 

[Example 2] In an alumina pot mill, a mixed powder composed 
of 83.6 parts by weight of a p-SIALON powder having an average 
particle diameter of 0.7 [nm, 4.7 parts by weight of Y2O3 as 

20 a sintering auxiliary, 5 parts by weight of a Ti(CN) powder 
having an average particle diameter of 1 fxm, and 2 parts by 
weight of C0O2 as a color tone adjusting agent was mixed with 
3 parts by weight of a resin binder in the presence of water 
as a solvent for 24 hours. 

25 [ 0046 ] The resultant slurry was dried and subjected to size 
enlargement and then formed under a normal hydrostatic 
pressure of 2000 kg/cm^. The formed piece consequently 
obtained was subjected to temperature elevation in 1 
atmosphere of N2 gas and sintered at 1850''C for two hours. 

30 [0047] The sinter consequently obtained had a bulk density 
of 98.5% of the theoretical density, a Young's modulus of 
elasticity of 3.2 X 10^ kgf/mm^, and a flexural strength of 
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78 kgf /mm^ . The color tone was black brown and the reflectance 
was 11.5% at a wavelength in the range of 350 - 800 nm. The 
theinnaal expansion coefficient of this sinter at temperatures 
in the range of 20°C - 100°C was 1.8 X lO'Vc. 
5 [0048] 

[Example 3] In an alumina pot mill, a mixture composed of 
97 parts by weight of a powder (silicon nitride powder + ¥203 
+ AlN) so formulated as to assume a Z value of 2 after being 
sintered, 2 parts by weight of a NbC powder having an average 

10 particle diameter of 0.8 ^im and intended as a coloring agent, 
and 1 part by weight of Hf 2O3 as a color tone adjusting agent 
was mixed with 3 parts by weight of a resin binder in the 
presence of alcohol as a solvent for 24 hours. 
[ 0049 ] The resultant slurry was dried and subjected to size 

15 enlargement and then formed under a normal hydrostatic 
pressure of 2000 kg/cm^. The formed piece consequently 
obtained was subjected to temperature elevation in 1 
atmosphere of N2 gas and sintered at ISSO^'C for two hours. 
[0050] The sinter consequently obtained had a bulk density 

20 of 97.8% of the theoretical density, a Young's modulus of 
elasticity of 3.0 X 10^ kgf/mm^, and a flexural strength of 
68 kgf /mm^ . The color tone was black brown and the reflectance 
was 12.2 % at a wavelength in the range of 350 - 800 nm. The 
thermal expansion coefficient of this sinter at temperatures 

25 in the range of 20°C - lOO^'C was 1.9 X lO'^/^C. 
[0051] 

[Example 4] In an alumina pot mill, a mixed powder composed 
of 88 . 0 parts by weight of an a-SIALON powder having an average 
particle diameter of 0.3 nm, 5 parts by weight of MgO as a 
30 sintering auxiliary, 5 parts by weight of a TaC powder having 
an average particle diameter of 1 \im and intended as a coloring 
agent, and 1 part by weight of iron oxide was mixed with 3 
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parts by weight of a resin binder in the presence of alcohol 
as a solvent for 24 hours. 

[0052] The resultant slurry was dried and subjected to size 
enlargement and then formed under a normal hydrostatic 
5 pressure of 2000 kg/cm^. The formed piece consequently 
obtained was subjected to temperature elevation in 1 
atmosphere of N2 gas and sintered at 1750°C for two hours. 
[0053] The sinter consequently obtained had a bulk density 
of 97.7% of the theoretical density^ a Young's modulus of 

10 elasticity of 3.2 X 10^ kgf/mm^^ and a flexural strength of 
65 kgf /mm^. The color tone was black and the reflectance was 
10 . 5% at a wavelength in the range of 350 - 800 nm. The thermal 
expansion coefficient of this sinter at temperatures in the 
range of 20°C - 100°C was 2.1 X 10"^ /°C. 

15 [0054] 

[Example 5 ] A coloring agent and a color tone adjusting agent 
were added at varying proportions shown in Table 1 to a silicon 
nitride mixed powder composed of 9 1 parts by weight of a silicon 
nitride powder having an average particle diameter of 0.2 

20 |Lim, 5 parts by weight of Y2O3 as a sintering auxiliary^ and 
4 parts by weight of A1203. In an aluminum pot mill, the 
resultant mixture and 3 parts by weight of a resin binder 
added thereto were mixed together in water as a solvent. 
[0055] The resultant slurries were dried and subjected to 

25 size enlargement and then formed under a normal hydrostatic 
pressure of 2000 kg/cm^. The formed pieces consequently 
obtained were subjected to temperature elevation in 1 
atmosphere of N2 gas and sintered at 1750°C for two hours. 
[0056] The sinters consequently obtained had such bulk 

30 densities. Young' s moduli of elasticity , flexural strengths, 
reflectances, and thermal expansion coefficients at 20°C - 
lOO^'C as shown in Table 1. 
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[0057] 

[Comparative Example] A coloring agent and a color tone 
adjusting agent were added at varying proportions shown in 
Table 1 to a silicon nitride mixed powder composed of 91 parts 
5 by weight of a silicon nitride powder having an average particle 
diameter of 0.2 jim, 5 parts by weight of Y2O3 as a sintering 
auxiliary^ and 4 parts by weight of AI2O3 . In an aluminum 
pot mill, the resultant mixture and 3 parts by weight of a 
resin binder added thereto were mixed together in water as 
10 a solvent. 

[ 0058 ] The resultant slurry was dried and subjected to size 
enlargement and then formed under a normal hydrostatic 
pressure of 2000 kg/cm^. The formed piece consequently 
obtained was subjected to temperature elevation in 1 

15 atmosphere of N2 gas and sintered at 1750°C for two hours. 
[0059] The sinters consequently obtained had such bulk 
densities. Young's moduli of elasticity, flexural strengths, 
reflectances, and thermal expansion coefficients at 20°C - 
100°C as shown in Table 2. 

20 [0060] 

[Table 1] 
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[0062] 

[Effect of the Invention] This invention produces a silicon 
nitride quality (silicon nitridexSIALON) sinter which is 
stained in a black color type and consequently allowed to 
5 lower the reflectance thereof to a level of not more than 
15%. This product can be widely applied to the production 
of precision parts of optical devices concerned with laser 
and ultraviolet light which abhor reflection and necessitate 
high stiffness, low thermal expansion, and wear resistance. 
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[0 0 3 6] ^^i^{ig»^Ha,*T-ff ^fotVx ^WWffi 
;bl±^c<. mmUBEi3itl Okgf /cra^WTT-IIJfS 
^nSittos HP^H I P^CiiSflEJ^i^tCltgtb-CSffi 
JC#ia©«i!iff$ttffi*sftfefiKT- ^ 5 o 

[0 0 3 7] tti^ia)SttM*4o)iatt*s/j>^ < . ±Mm^ 

S!J^PJA5+^#^,^^®^{C« 1 6 0 0-1 7 5 0°C$IK®i£ 

^^aft-ettSortg■c•^&i>*^^ Tic, Tic— tins 

ISi*:, NbC, ZrC, Hf C, TaC©l|iSfett2 

Jl3|s^!|f&^^i:©fe*AS;^#^^S^{C^i 1 7 0 o~ 1 8 0 o°c 

[0 0 3 8] 1 8 0 0''CJy.±T-{i^{bii^ • ■y-'f TD> 
©^»*s^*f-5A^ mmmaS. (1 0kgf/cm2 
^mm bfcS^fctt 1 8 5 O'CSSSfJ^M-C© 

[0 0 3 91 :i(Dj:oi,zi.rm^^riki^mmtm&^ 
©fii^^ *©Rl^jfcj3<l;Uf^5^i^®a^SI**li 

[0 0 4 0] TiC, Tie— TiN@^<*, NbC. 
ZrC. Hf C, T aC© l«^fctt2«iy.±©^SDi 

0 %WT©<£SSt^*sf#?>nSo 
[0 0 4 1] WT, ^SB^Jfc: J;o-C*^ia^fe*f*:e«JCI5£ 

[0 0 4 2] 

[*SS^J 1 ] ¥±9»g 0 . 2 m®^^b^*i|»* 8 5 . 

034. smagp, m^MtLx¥^nmi uTn(DT i 
cmi^3mm&i. ^mmmmiHyxmibWi2m&^ii<o 

mtl.X7)]^^±^^y h 5,;i/tt3-e2 4^p^fI^bfco 

[0 0 4 3] Z<D7.^ V-t:^mm.1S.L. #7jc£E2 0 0 
0 kg/cm2t?figff$bfeo ??^.nfefiejg<t:*N2 5!J;^ 1 
atm*f#Sb, 1 7 5 0°C-C-2^P^^!|tbfeo 

[0 0 4 4] f#^tVfe^iiSft:OigS5KttaifemS® 9 
8. 0%, "^yirmtS. 1 X 1 0*kgf /mm^ A 

{f ^fttt 8 5k gf/iaTa}x^mi±m^xs.mmitm 

ft3 5 0~8 0 0 nmOP^T-9. 2%T-*ofcoSfc2 

0 °c~ 1 0 0 'C(Dmm'm^mt 2. 0 x 1 0 -« /"cx& 

Ofeo 

[0 0 4 5] 

m^m2] ^i^m^Q . 7/zm®/?— 9-^7'u>|&* 
8 3. 6mfigP{Ci^iSSa!j^Ji:b-CY2 03 4. 7 aftgiS. 
A 12 03 4. 7aagl5, «fe^Ji:b-C¥l^!|agl A^m© 
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Oatm*t:#SLs 1 8 5 CCT- 2B#P^^S$ Lfco 

[0 0 4 7] w^nrz^f^i!^<Dmm&itmmm&(D 9 

8. 5%. -\^>i^*ttt3, 2 X 1 O^kgf /mm^, A 

Jf^S«7 8kg f /mm2-r-eiSttll^fe-r-MI^*li 
iSftS 5 0~8 0 0 nmOP^T- 1 1 . 5%-C-&-3feo* 
fc 2 0''C~ 1 0 0*C©ISlJ©5I«iSld: 1 . 8 x 1 0-« /'C 

[0 0 4 8] 

[USS^aa] «SSi^^Zfll*s2{c:)5:5,J;d{c:il^$nfe«& 
* (^fl:^IR«&*+Y2 03 + Al203+AlN) 97fi 
figpts »e?t'Ji:b-C¥lS«tS0. 8/zm®NbC*&* 

[0 0 4 9] CICD:^^ U— ^Ig^giitSL. #*ff2 0 0 
0 kg/cm^-ffiKff^bfeo t#?)nfcfigff^*^N2:tfX 1 
0 a t mfftr#SL> 1 8 5 O'CT- 2B#P^^igb/to 

[0 0 5 0] n'btitz^mi^<Dmmmtm^Bt.(D 9 

7. 8%. ^'>^m\t3. 0 X 1 O^kgf /mm^. ft 
(f 6 8k g f /mm^-Cfilittllffie-CSIt^tt 
jKft3 5 0~8 0 0 nmOra-C 1 2 . 2%-CS>ofeo t 

fe 2 o'c~ 1 0 oxi<D?^m^w>mt 1 . 9 x 1 o-« /-c 

[0 0 5 1] 

[JIJS«?'J4] ¥*9«[S0. 3;um®a— tf-i'rD»|»* 

8 8. OSfigPlCj^HiSeKJ^Jiib-r^ Mg0 5fiaSP> « 
e?f"JfcLT¥^i|S^Sl>umcDTaC*9*5fi«g|J> fi^ 
«fi^PJi:LtN i O ISSSB, ^{b^ 1 SagPi »3 ^cS 

tZo 



[0 0 5 2] z<D>t,7V-^^mm.nv. p7icm2oo 
0 kg/cm2ffiKff$bfeo mi^nrzm.mt^^i^2iJ7,i 

atmtfT-PSU. 1 7 5 O'CT- 2^Pafefei^Lfco 
[0 0 5 3] »?,nfcftfeJSf*:©gmattSlii^«© 9 
7. 7%. -\»>'5^^l±3. 2xl0<kgf/mm^ ffi 
tf^SI4 6 5 k gf /mm^T-feiS{ilieT-S*r*l4?S 
S3 5 0~8 0 0 nmcDHT- 1 0 . 5%-efeofco Sfc 
2 0 *C~ 1 0 0 °C®f^]^5I^^|gt{± 2 . 1 X 1 0 -6 /•C-e 

[0 0 5 4] 

[|^Jfi«^J 5 ] ^HHiKM 0 . 2 At m®^jb^»«&* 9 1 S 

fig5{c«!i^s!^»l^:l/■rY2 03 5«ag|5^ Ai203 4fie 

[0 0 5 5] C®y^v'J-^ie*gjgebs p7jcflE2 0 0 
0 kg/cm^-Cjsgff^bfeo t#5)nfefigBi*:S:N2:tf^ 1 
atmtf-C^iab^ 1 7 5 0°C-C-2^ra^i^bfco 

[0 0 5 6] n^tirz^mii-<Dmmm. • -\'>^^* • 
^* • • 2 o-c~ 1 0 o'c<Dmm^^m^mim 
fcbtobfco 

[0 0 5 7] 

[j:t«?fi»ji qzi^jsg 0 . 2 Mni(Dm<bmm'mm 9 1 ss 

a5{c«!i^a!j^Ji:bTY2 03 5fi«gP. Al2 03 4SMgl5 

J; »3 *sg{b^^il^*&*{c^bT«eSiJ-^eiira^^J 
*^la®S'J^■c^g^b^ ^flg/Wv^r-afifigp^Sn 
7K*^iflEi:b-CT;i'^±7|^2' h 5;u4'-e2 4^1lrg 

[0 0 5 8] c:©;^7U-^$£*gjtJiau »*ff200 
Okg/cm^-e^JBbfco f#f.*i,fcfiK0<*4N2 3tf:^ 1 
atmcfr-#Sb. 1 7 5 0'"C-C2^P^^^Jgbfco 

[0 0 5 9] • ^>^m • ftif 

• S.mm ' 2 0°C~ 1 0 0°C®«l,JK5g^iStrfg2« 

{C bfi) bfeo 

[0 0 6 0] 
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